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COMPACT MOBILE CARGO SCANNING
SYSTEM

CROSS-REFERENC.

L1l

The present application 1s a continuation of U.S. patent
application Ser. No. 12/784,630, filed on May 21, 2010 (the
“’630 Application™).

The 630 Application relies on U.S. Provisional patent
application Ser. No. 61/180,4°71, filed on May 22, 2009, for
priority.

The ’630 Application 1s a continuation-in-part of U.S.
patent application Ser. No. 12/339,591, entitled Rotatable
Boom Cargo Scanning System, filed on Dec. 19, 2008,
which 1s a continuation-in-part of U.S. patent application
Ser. No. 11/948,814, entitled, “Single Boom Cargo Scanning
System”, filed on Nov. 30, 2007/, which 1s a continuation of
U.S. Pat. No. 7,322,745, entitled, “Single Boom Cargo
Scanning System”, filed on Aug. 9, 2004, which relies on,
for priority, U.S. Provisional Patent Application No. 60/493,
935, filed on Aug. 8, 2003 and 1s a continuation-in-part of
U.S. patent application Ser. No. 10/201,543, entitled “Seli-
Contained Portable Inspection System and Method”, filed on
Jul. 23, 2002 and now U.S. Pat. No. 6,843,599, The *591
application further relies on U.S. Provisional Application
No. 61/014,814, filed on Dec. 19, 2007, for priority. The
"591 application 1s also a continuation-in-part of U.S. patent
application Ser. No. 12/051,910, enfitled “Single Boom
Cargo Scanming System”, and filed on Mar. 20, 2008, which
1S a continuation of U.S. Pat. No. 7,369,463, of the same
title, filed on Jan. 12, 2007, which 1s a continuation-in-part
of U.S. Pat. No. 7,322,745.

The *630 Application is also a continuation-in-part of U.S.
patent application Ser. No. 12/263,160, entitled “Cargo
Scanning System”, and filed on Oct. 31, 2008, which further
relies on U.S. Provisional Patent Application No. 60/984,
786, filed on Nov. 2, 2007, for priority, and 1s a continuation-
in-part ol U.S. Pat. No. 7,322,743,

The 630 Application 1s also a continuation-in-part of Ser.
No. 12/349,534, which 1s a continuation of U.S. patent
application Ser. No. 10/939,986, enfitled “Self-Contained
Mobile Inspection System”, and filed on Sep. 13, 2004,
which 1s a continuation-in-part of Ser. No. 10/9135,687
(1ssued as U.S. Pat. No. 7,322,745), which 1s a continuation-
m-part of Ser. No. 10/201,543 (issued as U.S. Pat. No.
6,843,599) and further relies on U.S. Provisional Patent
Application No. 60/502,498, filed on Sep. 12, 2003, for
priority.

All of the above-listed patent applications are herein
incorporated by reference.

FIELD

The present application relates generally to a seli-con-
tained mobile mspection system and method and, more
specifically, to improved methods and systems for detecting
materials concealed within a wide variety of receptacles
and/or cargo containers. In particular, the present application
relates to 1improved methods and systems for inspecting
receptacles and/or cargo containers using a single boom
which can be folded, such that the inspection system 1s
light-weight and relatively compact in a stowed configura-
tion and has a low height and center of gravity lending to
greater maneuverability.

BACKGROUND

X-ray systems are used for medical, industrial and secu-
rity inspection purposes because they can cost-eflectively
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generate 1mages ol internal spaces not visible to the human
eye. Maternials exposed to X-ray radiation absorb differing
amounts of X-ray radiation and, therefore, attenuate an
X-ray beam to varying degrees, resulting i a transmitted
level of radiation that i1s characteristic of the material. The
attenuated radiation can be used to generate a useful depic-
tion of the contents of the wrradiated object. A typical single
energy X-ray configuration used in security inspection
equipment may have a fan-shaped or scanning X-ray beam
that 1s transmitted through the object inspected. The absorp-
tion of X-rays 1s measured by detectors after the beam has
passed through the object and an 1mage 1s produced of its
contents and presented to an operator.

Trade fraud, smuggling and terrorism have increased the
need for such non-intrusive mspection systems in applica-
tions ranging from curbside inspection of parked vehicles to
scanning 1 congested or high-trathic ports because trans-
portation systems, which efliciently provide for the move-
ment of commodities across borders, also provide opportu-
nities for the inclusion of contraband 1tems such as weapons,
explosives, illicit drugs and precious metals. The term port,
while generally accepted as referring to a seaport, also
applies to a land border crossing or any port of entry.

With an increase in global commerce, port authorities
require additional sea berths and associated container stor-
age space. Additional space requirements are typically met
by the introduction of higher container stacks, an expansion
of ports along the coastline or by moving inland. However,
these scenarios are not typically feasible. Space 1s generally
in substantial demand and short supply. Existing ports
operate under a routine that 1s not easily modified without
causing disruption to the entire inirastructure of the port.
The mtroduction of new procedures or technologies often
requires a substantial change i1n existing port operating
procedures 1n order to contribute to the port’s throughput,
clliciency and operability.

With limited space and a need to expand, finding suitable
space to accommodate additional inspection facilities along
the normal process route remains diflicult. Additionally,
selected locations are not necessarily permanent enough for
port operators to commit to the long term installation of
ispection equipment. Moreover, systems 1ncorporating
high-energy X-ray sources, or linear accelerators (LINAC),
require either a major ivestment i1n shielding material
(generally 1n the form of concrete formations or buildings)
or the use of exclusion zones (dead space) around the
building itself. In either case, the building footprint 1s
significant depending upon the size of cargo containers to be
ispected.

A mobile inspection system oflers an appropriate solution
to the need for flexible, enhanced inspection capabilities.
Because the system 1s relocatable and investing in a perma-
nent building 1n which to accommodate the equipment 1s
obviated, site allocation becomes less of an issue and
introducing such a system becomes less disruptive. Also, a
mobile X-ray system provides operators, via higher through-
put, with the ability to inspect a larger array of cargo,
shipments, vehicles, and other containers.

Conventional relocatable inspection systems generally
comprise at least two booms, wherein one boom will contain
a plurality of detectors and the other boom will contain at
least one X-ray source. The detectors and X-ray source work
in umson to scan the cargo on the moving vehicle. In
conventional single boom relocatable inspection systems,
the X-ray source 1s located on a truck or flatbed and the
detectors on a boom structure extending outward from the
truck. These systems are characterized by moving-scan-
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engine systems wherein the source-detector system moves
with respect to a stationary object to be mspected. Also, the
detectors and the source of radiation are either mounted on
a moveable bed, boom or a vehicle such that they are
integrally bound with the vehicle. This limits the flexibility
of dismantling the entire system for optimum portability and
adjustable deployment to accommodate a wide array of
different sized cargo, shipments, vehicles, and other con-
tainers. As a result these systems can be complicated to
deploy and pose several disadvantages and constraints.

For example, 1n a moving-scan-engine system the move-
ment of the source and detector, relative to a stationary
object, may cause lateral twist and litt and fall of the detector
or source, due to movement of the scanner over uneven
ground, inducing distortions 1n the scanned images and
faster wear and tear of the scanner system. Systems where
the weight of the detector or source 1s held on a boom require
high structural strength for the boom 1n order to have the
boom stable for imaging process, thereby adding more
weight into the system. Such systems that require a detector-
mounted boom to unfold during deployment may cause an
unstable shift of the center of gravity of the system off the
base, causing the system to tip over. Further, in the case of
moving-scan-engine systems using a “swing arm” boom
approach, the driver driving the scanner truck 1s unable to
gauge the possibility of hitting the detector box, mounted on
a boom, with a vehicle under inspection (VUI), as the
detector box 1s on the other side of the VUI during scanning
and not visible to the dniver.

Additionally, with moving-scan-engine systems, the truck
supporting the scanner system 1s always required to move
the full weight of the scanner regardless of the size and load
of the VUI, putting greater strain on the scanning system.
Also disadvantageous in conventional systems 1s that they
suffer from a lack of rigidity, are diflicult to implement,
and/or have smaller fields of vision.

Accordingly, there 1s need for improved 1nspection meth-
ods and systems built into a fully self-contained, over-the-
road-legal vehicle that can be brought to a site and rapidly
deployed for inspection. The improved method and system
can, therefore, service multiple inspection sites and set up
surprise inspections to thwart contraband trathickers who
typically divert smuggling operations from border crossings
that have tough interdiction measures to softer crossings
with lesser mnspection capabilities. Moreover, there 1s an
additional need for methods and systems that require mini-
mal footprint to perform nspection and that use a suflicient
range ol radiation energy spectrum to encompass sale and
cellective scanning of light commercial vehicles as well as
substantially loaded 20-foot or 40-foot ISO cargo contain-
ers. It 1s important that such scanning 1s performed without
comprising the mtegrity of the cargo and should 1deally be
readily deployable 1 a variety of environments ranging
from airports to ports of entry where a single-sided inspec-
tion mode needs to be used due to congested environments.
Similar needs are addressed in U.S. Pat. No. 6,543,599,
entitled “Self-Contained Portable Inspection System and
Method™”, which 1s herein incorporated by reference in 1ts
entirety.

Improved methods and systems are additionally needed to
keep the relative position between the radiation source and
detector fixed to avoid distortion in 1mages caused by the
movement of scanner and/or detectors over uneven ground
or due to unstable structures. Moreover, there 1s a need for
improved methods and systems that can provide compre-
hensive cargo scanning in portable and stationary settings.
Specifically, methods and systems are needed in which a
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single boom 1s employed for generating quality images for
inspection. Further, the system should be mounted on a

relocatable vehicle, capable of receiving and deploying the
boom.

What 1s also needed 1s a single boom cargo scanning
system that enables quick and easy deployment, rigidity and
tight alignment of the radiation sources and detectors, and a
narrow collimated radiation beam, thus allowing for a
smaller exclusion zone. In addition, what 1s needed 1s an
optimal scanning system design that allows for the radiation
source to be closer to the Object under Inspection (“OUI”),
thereby allowing for higher penetration capability and com-
plete scanning of the target vehicle without corner cutoil.
Similar needs are addressed 1n the U.S. Pat. No. 7,322,743,
entitled “Single Boom Cargo Scanming System” which 1s
herein incorporated by reference in 1ts entirety.

Further, 1n the mobile cargo 1mspection systems known 1n
the art, the boom structures are typically heavy, thereby
causing the overall weight of the scanning system to be close
to, or even over the allowable axle load limits. Further, the
booms are bulky when stowed such that the vehicle 1s
approximately 4 m high above road level. This makes a
mobile scanning system not only difficult to manoeuvre but
also restricts 1ts movement 1n different territories due to the
applicable road restrictions on carriage weight. Therelore,
there 1s also a need for a scanning system that can be stowed
in a relatively compact area so that 1t can be easily trans-
ported on road, as well as by air. In addition, there 1s also a
need for a scanning system which 1s light weight, and has a
low height and center of gravity in a stowed position,
thereby allowing for road transport even in challenging,
steep and hilly areas.

What 1s also needed 1s a scanning system that can be
deployed from a stowed configuration to an operational
configuration 1n operating areas having limited horizontal or
vertical clearance.

SUMMARY

The present application 1s a self-contained mobile 1nspec-
tion system and method for detecting materials concealed
within a wide variety of receptacles and/or cargo containers.
In particular, the present application 1s an improved method
and system for inspecting receptacles and/or cargo contain-
ers using a single boom that can be folded and unfolded,
such that the inspection system 1s relatively compact in a
stowed configuration and has a low height lending to greater
maneuverability. This, and other embodiments of the present
invention, shall be described 1n greater depth 1n the drawings
and detailed description provided below.

In one embodiment, the present specification discloses an
imspection system comprising a vehicle having a first axle
proximate to a front of said vehicle and one or more rear
axles proximate to a back of said vehicle wherein a first area
1s bounded by the rear axle extending to the front of said
vehicle and a second area i1s bounded by the rear axle
extending to the back of said vehicle; a radiological source;
and a boom rotatably attached to said vehicle wherein said
boom comprises a first vertical section, a second vertical
section and a horizontal section and wherein, when fully
deployed, said boom defines an area having a height 1 a
range ol 2000 mm to 35300 mm and a width in a range of
2000 mm to 4000 mm, wherein said system weighs less than
20,000 kg and 1s capable of achieving radiological penetra-
tion of at least 30 mm of steel. Optionally, the minimum
penetration can be 31 mm, 40 mm, 50 mm, 60 mm, 120 mm
or some increment therein.
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The radiological source 1s attached to said vehicle. The
radiological source 1s attached to said vehicle but not

attached to said boom. The radiological source 1s an X-ray
source 1s at least one of a X-ray generator with 100 kVp to
500 kVp tube voltage and 0.1 mA to 20 mA tube current, a
0.8 MV to 2.5 MV linear accelerator source with a dose
output rate of less than 0.1 Gy/min at 1 m, and a 2.5 MV to
6 MV linear accelerator source with a output dose rate 1n a
range 0.1 Gy/min at 1 m to 10 Gy/min at 1 m. The vehicle
has only one rear axle but may 1n some configurations have
more than one. The boom has a weight and wherein said
boom 1s positioned such that the weight acts substantially
over the rear axle. The boom has a weight and wherein said
boom 1s positioned such that the weight acts over the first
area.

The boom has a lattice structure comprising a plurality of
beam sections connected by a plurality of nodes wherein
said structure defines an internal lattice area. The detector or
sensor box 1s connected to an outside the internal lattice
area. The detector 1s positioned within the internal lattice
area. The vehicle comprises a plurality of targets wherein
cach of said targets 1s on a different part of said vehicle.

The 1nspection system further comprises a camera 1n data
communication with a controller wherein said camera cap-
tures a movement of said targets and wherein said controller
determines what portion of said vehicle has moved based on
the movement of said target. The controller determines a
speed of said vehicle based on said movement of said
targets. The controller modulates a frequency at which X-ray
data 1s collected based upon said speed.

In another embodiment, the inspection system comprises
a vehicle having a first axle proximate to a front of said
vehicle and one or more rear axles proximate to a back of
said vehicle wherein a first area 1s bounded by the rear axle
extending to the front of said vehicle and a second area 1s
bounded by the rear axle extending to the back of said
vehicle; a radiological source; a boom, having a weight,
rotatably attached to said vehicle wherein said boom com-
prises a first vertical section, a second vertical section and a
horizontal section and wherein said weight 1s positioned to
substantially act over said first area and not said second area,
wherein said system weighs 15,000 kg or less.

The system 1s capable of achieving radiological penetra-
tion of at least 30 mm of steel. When fully deployed, the
boom defines an area having a height 1n a range of 2000 mm
to 5300 mm and a width 1n a range of 2000 mm to 4000 mm.
The radiological source i1s attached to said vehicle and
capable of being moved from a first position to a second
position, wherein each of said first and second positions are
proximate to said vehicle. The radiological source 1s an
X-ray source 1s at least one of a X-ray generator with 100
kVp to 500 kVp tube voltage and 0.1 mA to 20 mA tube
current, a 0.8 MV to 2.5 MV linear accelerator source with
a dose output rate of less than 0.1 Gy/min at 1 m, and a 2.5
MV to 6 MV linear accelerator source with a output dose
rate 1n a range 0.1 Gy/min at 1 m to 10 Gy/min at 1 m. The
boom has a lattice structure comprising a plurality of beam

sections connected by a plurality of nodes wheremn said
structure defines an internal lattice area.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will be appreciated, as they become better under-
stood by reference to the following detailed description
when considered in connection with the accompanying
drawings, wherein:
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FIG. 1 1llustrates the mobile inspection system according
to one embodiment of the present invention 1n transportation
mode with the boom stowed on the vehicle;

FIG. 2a shows three sections of a boom when fully
deployed, according to one embodiment of the present
invention;

FIG. 2b shows a side view of one embodiment of a mobile
ispection vehicle with the boom 1 a stowed or folded
condition;

FIG. 3a depicts the functioning of a vertical support
section of a boom according to one embodiment of the
present invention;

FIG. 3b depicts the functioning of a vertical support
section of a boom according to another embodiment of the
present 1nvention;

FIG. 4a depicts the mounting of a vertical support section
of a boom on one embodiment of the mobile inspection
vehicle 1n a deployed condition;

FIG. 4b depicts the mounting of a vertical support section
of a boom on one embodiment of the mobile inspection
vehicle 1n a stowed condition;

FIG. 5a illustrates a first configuration of an exemplary
low mass lattice structure which acts to reduce the weight of
the boom, as used 1n one embodiment of the present inven-
tion;

FIG. 5b 1llustrates a second configuration of an exemplary
low mass lattice structure which acts to reduce the weight of
the boom, as used 1n one embodiment of the present inven-
tion;

FIG. 5S¢ illustrates a third configuration of an exemplary
low mass lattice structure which acts to reduce the weight of
the boom, as used 1n one embodiment of the present inven-
tion;

FIG. 54 illustrates a fourth configuration of an exemplary
low mass lattice structure which acts to reduce the weight of
the boom, as used 1n one embodiment of the present inven-
tion;

FIG. 6 shows an exemplary design for a combined boom
and detector box;

FIG. 7 presents an exemplary mechanism for folding and
unfolding the horizontal boom out from the vertical support;

FIG. 8a shows an exemplary locking mechanism which 1s
used when the boom 1s unfolded;

FIG. 85 shows an exemplary locking mechanism which 1s
used when the boom 1s unfolded;

FIG. 9 shows an additional boom support structure which
can optionally be used to help the boom deployment;

FIG. 10 shows another boom support structure;

FIG. 11a illustrates a first space saving folding arrange-
ment between a horizontal boom and vertical boom, accord-
ing to one embodiment of the present invention;

FIG. 115 1illustrates a second space saving {folding
arrangement between the horizontal boom and vertical
boom, according to one embodiment of the present mven-
tion;

FIG. 12a illustrates an exemplary boom configuration
which limits the rotation of the X-ray source;

FIG. 125 1illustrates another exemplary boom configura-
tion which limits the rotation of the X-ray source;

FIG. 13a 1llustrates an exemplary mechamism for mini-
mizing the swinging movement of the X-ray source during
boom deployment;

FIG. 1356 illustrates another exemplary mechanism for
minimizing the swinging movement of the X-ray source
during boom deployment;

FIG. 14a 1illustrates a configuration for mounting the
X-ray source;
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FIG. 146 1illustrates an alternative configuration for
mounting the X-ray source;

FIG. 15q 1llustrates an exemplary locking mechanism for
the boom and the X-ray source;

FIG. 156 illustrates another exemplary locking mecha-
nism for the boom and the X-ray source;

FIG. 16qa illustrates an alignment of x-ray beam with the
detectors;

FI1G. 1656 1llustrates another alignment of x-ray beam with
the detectors;

FI1G. 17a illustrates an exemplary configuration in which
the scanning system of the present invention may be
deployed;

FIG. 1756 illustrates another exemplary configuration in
which the scanning system of the present invention may be
deployed;

FIG. 17¢ illustrates another exemplary configuration in
which the scanming system of the present invention may be
deplovyed;

FIG. 18 illustrates an exemplary sensor configuration for
control of the X-ray system when operating 1n drive through
mode according to one embodiment of the present invention;

FIG. 19 shows an exemplary location of three vision
targets, with respect to a vehicle being inspected;

FI1G. 20 shows the output from a scanning laser sensor as
a function of time;

FIG. 21 illustrates an embodiment where a process logic
controller (PLC) 1s used to control the traffic control and
X-ray control mechanism 1n the scanning system of the
present ivention;

FIG. 22 illustrates an exemplary detector configuration
according to one embodiment of the present invention;

FIG. 23 illustrates another exemplary configuration
wherein the detectors are stacked, according to one embodi-
ment of the present invention;

FIG. 24 shows a side elevation view of the mobile
ispection vehicle of the present mvention comprising an
inspection pod 1n accordance with one embodiment;

FI1G. 25a shows top view of the mobile inspection vehicle
of the present mvention comprising an inspection pod 1n
retractable state for travel;

FIG. 255 shows top view of the mobile inspection vehicle
of the present mvention comprising the ispection pod 1n

extendable state during deployment/operation;

FIG. 26a shows a side elevation view of the mobile
ispection vehicle of the present imvention comprising
ispection pod accessible to an mspector that can be seated
above front wheel level;

FI1G. 26b shows top view of the mobile inspection vehicle
of the present imvention comprising mspection pod acces-
sible to an inspector that can be seated above front wheel
level:;

FIG. 27 shows top view of the mobile inspection vehicle
of the present invention that has a rotatable bed;

FIG. 28a shows an embodiment of boom structure/con-
figuration to move pivot point of the boom forward of the
rear wheels of the mobile inspection vehicle;

FI1G. 28b shows vertical support of the boom of FIG. 284
extended 1n fully vertical orientation along with the hor-
zontal boom being perpendicular to the vertical support;

FIG. 28¢ shows the horizontal boom of the boom of FIG.
28a being rotated 90 degrees to be perpendicular to the long
side of the mobile vehicle;

FIG. 28d shows the vertical boom of the boom of FIG.

28a being lowered down to complete full deployment;
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FIG. 29a shows an embodiment of structure/configuration
of boom, when 1n stowed condition, 1n accordance with

another aspect of the present invention;

FIG. 295 shows vertical support of the boom of FIG. 294
in vertical position along with causing the horizontal boom
to extend outwards 1n a direction perpendicular to the long
edge of the vehicle;

FIG. 29¢ shows the vertical boom of the boom of FIG.
29a being lowered down to complete full deployment;

FIG. 30 shows an embodiment of the boom structure/
configuration of the present invention where the boom 1s
deployed using an onboard crane;

FIG. 31a shows an embodiment of the boom structure/
configuration of the present invention comprising four coms-
ponents;

FIG. 3156 shows the two vertical support sections of the
boom of FIG. 31a unfolded into an end-to-end configura-
tion;

FIG. 31¢ shows the horizontal boom of the boom of FIG.
31a beimng extended perpendicular to the long edge of the
vehicle through 90 degrees rotatory motion of the rotating
platiorm:;

FIG. 31d shows an embodiment of the boom of FIG. 31a
where the upper vertical support 1s telescopically retractable/
extendable to/from the lower vertical support;

FIG. 32a shows an embodiment of the boom structure/
configuration of the present invention comprising four coms-
ponents;

FIG. 326 shows the two vertical support sections of the
boom of FIG. 32a extended from horizontal (stowed posi-
tion) to vertical position; and

FIG. 32¢ shows the folded horizontal and vertical boom
sections of the boom of FIG. 324 being moved from
horizontal to vertical orientation.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The present mvention 1s directed towards a portable
inspection system for generating an 1image representation of
target objects using a radiation source, comprising a mobile
vehicle; a detector array physically attached to a single,
movable boom having a proximal end and a distal end and
at least one source of radiation wherein the radiation source
1s fixedly attached to the proximal end of the boom and
adjustable to a desired scanning height. The 1image 1s gen-
erated by introducing target objects between the radiation
source and the detector array, thereby exposing objects to
radiation and subsequently detecting the radiation. The
boom can be unfolded from a first stowed configuration to
a second deployed and operational configuration.

The system of the present invention 1s advantageous in
that i1t provides a highly compact stowed configuration and
has a low height, such that the highest part of the boom does
not exceed the height of the drive cab, among other benefits.
The mspection system of present invention provides a sturdy
deployed configuration with the radiation source and detec-
tors readily aligned and a selectable scan angle position, and
can be converted from a stowed configuration to a deployed
and operational configuration 1n areas having limited hori-
zontal and vertical clearance. Further, the mspection system
of the present invention 1s capable of using either a small or
a large LINAC, at both high as well as low energies. It may
also be used with conventional sources of radiation.

In one embodiment, the present invention i1s directed
toward a new boom configuration for the mobile 1nspection
system, which addresses many of the 1ssues that affect boom
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designs known 1n the art. The boom design of the present
invention provides for a light weight scanning system, and
the boom can also be stowed 1n a compact manner. This
makes the resulting mobile inspection vehicle highly maneu-
verable. Further, owing to its low axle weights, the mobile
inspection vehicle 1s not subject to any road restrictions and
can Ireely move across all territories 1n the world.

It should be appreciated that the various mechanical
and/or hydraulic movements described herein can occur by
manual manipulation of the physical structures or hydraulic
components or, as 1s preferred, by signals transmitted by a
controller. In one embodiment, a computing device with a
graphical user interface 1s deployed to receive user com-
mands, transmit user commands to controllers that are in
data communication with the various boom, bracket, winch,
and/or hydraulic components described herein, and receive
data from the controllers indicative of the state of each of the
various boom, bracket, winch, and/or hydraulic components
described heremn. Any computing device and controller
system can be used, including laptops, mobile devices,
desktop components, and X-ray control centers, and any
form of data communication can be used, including wired or
wireless communications.

FI1G. 1 1llustrates the mobile ispection vehicle 101 of the
present invention 1n 1ts normal transportation mode wherein
the boom 102 1s stowed on the vehicle. In the embodiment
of FIG. 1, the mspection vehicle 101 1s a truck and the boom
102 1n the stowed condition lies substantially parallel to the
bed 103 of the truck 101. The cab 104 of the truck 1s the
highest part of the vehicle, and 1s typically at an approximate
height of 2.6 m from the ground to the highest point. The
boom 102 of the present invention 1s designed such that 1t 1s
capable of being folded to {it mnto a space lower than the
height of the cab 104, that 1s, the highest part of the boom
102 does not exceed the height of the drive cab 104.

Persons of ordinary skill in the art should note that the
maximum standard overall vehicle dimension of a truck 1s
typically 12 m (L)x2.5 m (W)x4 m (H). However, the
overall footprint of the mobile inspection vehicle 101, of the
present invention, with the compact boom 102 when stowed
thereon 1s 11 m (L)x2.5 m (W)x4 m (H) 1n accordance with
one embodiment. In an alternate embodiment the footprint
of the vehicle 101 1s 8 m (L)x2.5 m (W)x2.6 m (H). The
compact design of the vehicle 101 with the stowed boom
102, of the present invention, offers a substantially small
overall size for the inspection vehicle when used with full
s1ze mspection tunnel of 4.6 m (H)x3.5 m (W) typically.

FI1G. 2a shows the boom when fully deployed. The boom
comprises three sections: vertical support 201a (connected
to an X-ray source 201d), horizontal boom 202a, and
vertical boom 203a.

FIG. 2b shows a side view of the mobile inspection
vehicle 200 when 1t 1s 1n use, so that the boom 1s 1n deployed
condition. As mentioned, the boom design of the present
invention comprises three components—vertical support
2015 (connected to a X-ray source 203d), horizontal boom
2025 and vertical boom 20354, which 1n the stowed condition
can be folded parallel to each other 1n a manner that the total
space occupied by the boom 1s minimized. Since the boom
1s collapsible to a small volume (of 1.5 m (H)x1.2 m
(W)x3.0 m (L) in one embodiment) when stowed, the
overall height of the inspection vehicle i1s substantially
reduced when configured for transport. In one embodiment,
the overall height of the inspection vehicle 1s about 2.6 m
during transport when compared to a height of 4.0 m for
conventional vehicles. This further allows transport of the
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vehicle by aircraft (such as a C-130 military transporter) for
rapid deployment where appropriate.

Referring now to FIGS. 2a and 2b together, the vertical
support sections 201a, 2015 are manufactured using a strong,
material, which 1n one embodiment is steel. One of ordinary
skill 1 the art would appreciate that other engineering
materials such as carbon fiber composite, aluminum or
metal-composite structures may also be used.

An advantage of the boom structure/design of the present
invention 1s that the overall weight of the mobile inspection
vehicle 200 1s substantially reduced. For example, a full size
4.6 m (H)x3.5 m (W) scanning-tunnel vehicle has a total
weight of less than 25,000 kg, preterably less than 20,000
kg, and more preferably less than 15,000 kg. Persons of
ordinary skill in the art would appreciate that this weight of
the mobile 1nspection vehicle of the present invention 1s
substantially less when compared to a standard prior art
truck that would typically weigh i excess of 25,000 kg. The
lighter vehicle 200 of the present invention advantageously
allows the vehicle/truck to operate with a single front axle
and a single rear axle. Conventional designs require at least
2 and often 3 rear axles to meet road regulations 1n certain
countries/regions due to comparatively high weights of prior
art vehicles. This system also can achieve a penetration of
steel of more than 90 mm, including 100 m, 120 mm, 1350
mm, 180 mm and any increment therein.

Due to light weight, reduced number of axles and smaller
overall size, the vehicle 200 of the present invention 1s much
more capable of operating in rugged terrain than conven-
tional prior art designs.

The functioning of the vertical support 1s further detailed
in FIGS. 3a and 36. As shown in FIG. 3aq, the vertical
support 301a 1s 1 a near horizontal position when not
deployed. In one embodiment, the vertical support 301a 1s at
an angle 1n the range of 5 to 20 degrees to the horizontal,
when 1n stowed away position. A fixed pomnt 302a 1s
provided, around which the vertical support 1s enabled to
pivot around. Thus for deployment, the position of the
vertical support 301a changes from near horizontal in FIG.
3a to vertical as depicted by 3015 in FIG. 3b.

The rotating action of the vertical support over the fixed
point 302a, 30256 can be driven by a number of mechanisms
including, but not restricted to, one or more hydraulic rams,
one or more electric motors and associated gearboxes or a
pulley drive system. It 1s preferable to be able to lock the
vertical support 1 place once it has been rotated to the
operating or stowed condition. This can be achieved by
using, by way of example, conical pins (not shown) that pass
through a support structure on the truck platform and into
suitably located holes 1n the vertical support. One of ordi-
nary skill in the art would appreciate that other locking
mechanisms known 1n the art can also be used 1n place of or
in addition to the example given.

In one embodiment, the X-ray source of the scanning
system 1s mounted rigidly to the base of the vertical support
such that 1t swings close to the road surface once the vertical
support 1s deployed. This 1s illustrated 1n FIG. 4a. Referring
to FIG. 4a, the X-ray source 401a 1s mounted 1n an oflset
position on the vertical support 402a, such that the focal
point 403a of the X-ray source i1s 1n line with the X-ray
detectors (not shown) that, 1n one embodiment, are mounted
into the horizontal and vertical boom structures (not shown
in FIG. 4a). In this embodiment, the radiation source 1is
positioned on the vertical support, which 1s a portion of the
boom proximate to the truck, thereby oflering a better
alignment between the source and the detectors. In conven-
tional inspection systems the radiation source 1s placed
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either on the truck itsell, such as on the side or back of the
truck, or on the distal end of the boom.

FIG. 4b shows the X-ray source 4015 along with the
vertical support 4025 1n the stowed position. It may be noted
from FIG. 45 that substantially all of the weight of the
vertical support 4025 acts over, 1s 1 alignment with, or 1s
otherwise positioned over the rear axle 4045 of the truck.
Theretore, the vertical support 4025 1s designed to mimmize
the overall weight of the mobile 1nspection vehicle 1 order
to ensure that the rear axle loading 1s kept to a reasonable
level.

FIG. 28a shows a boom structure/configuration to move
pivot point 2806 of the boom 2800 forward of the rear
wheels 2804 of the mobile ispection vehicle 2810 in
accordance with one embodiment of the present invention.
In this embodiment, the boom 2800 comprises three com-
ponents—vertical support 2801, horizontal boom 2802 and
vertical boom 2803. The vertical support 2801 1s mounted at
its lower end to a rotating platform 2805 which 1s securely
fixed onto the ispection vehicle chassis. An actuator 1s used
to move the vertical support 2801 from a substantially
horizontal (when stowed) to a vertical orientation about a
hinge or pivot point 2806 which 1s attached to the rotating
plattorm 2803. The horizontal boom 2802 1s attached at one
of i1ts ends to the top of the vertical support 2801 using a
pivot pin 2807. During deployment, as an actuator extends
the vertical support 2801, a mechanical linkage maintains
the same angle 2820 between the horizontal boom 2802 and
vertical support 2801 as the angle 2815 between the vertical
support 2801 and the rotating platform 2805. As a result, one
actuator 1s used to extend two booms in one action or
substantially concurrently.

FIG. 286 shows the vertical support 2801 extended in
tully vertical orientation with reference to the rotating
plattorm 2805 along with the horizontal boom 2802 also
being perpendicular to the vertical support 2801. Once the
vertical support 2801 and horizontal boom 2802 are
deployed, as shown in FIG. 285, another actuator 1s used to
rotate the rotating platform 2805 through 90 degrees so that
the horizontal boom 2802 1s perpendicular to the long side
2825 of the vehicle and extending outwards as shown 1n
FIG. 28¢. Finally, as shown in FIG. 284, a third actuator 1s
used to lower the vertical boom 2803 from a hinge point
2822 at the distal end of the horizontal boom 2802.

Persons of ordinary skill in the art should note that the
boom configuration of FIGS. 28a through 284 with the
boom pivot point 2806 being advantageously forward of the
rear wheels 2804 reduces rear axle load substantially,
thereby making the mspection vehicle 2810 easier to drive
and more compact while providing greater protection for the
X-ray source (that 1s mounted at the lower end/base of the
vertical support). Lower weight also contributes to faster
deployment of the system. In one embodiment, the rear axle
loading 1s below 9 tons for a full laden vehicle.

FIG. 29a shows a top perspective of another embodiment
ol structure/configuration of boom 2900 when 1n stowed
condition, 1n accordance with another aspect of the present
invention. In this embodiment, the boom 2900 comprises
two components—a {irst component comprising vertical
support 2901 and horizontal boom 2902 and a second
component comprising vertical boom 2903. The vertical
support 2901 and horizontal boom 2902 are fixed at 90
degrees to each other to form one rigid assembly of the first
component. The vertical boom 2903 1s hinged from the
distal end 2922 of the horizontal boom 2902.

The base of vertical support 2901 is hinged about a point
2906 which, 1n one embodiment, 1s at 45 degrees to the long
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edge 2925 of the side of the mobile vehicle 2910. Hinging
the first component assembly (of the vertical support 2901
and horizontal boom 2902 at a fixed 90 degrees angle to each
other) about the point 2906 causes the vertical support 2901
to become vertical (during deployment), from 1ts starting
horizontal aspect (when stowed), while simultancously
causing the horizontal boom 2902 to extend outwards 1n a
direction perpendicular to the long edge 2925 of the vehicle,
as shown 1n FIG. 29b. Again, as 1llustrated 1n FIG. 29¢, once
the vertical support 2901 and horizontal boom 2902 are in
position, the vertical boom 2903 1s lowered (using an
actuator) about a hinge point at the distal end 2922 of the
horizontal boom 2902 for complete deployment.

In one embodiment, it 1s preferred to have the vertical
support 2901 comprising a first portion which 1s fixed rigidly
to the chassis of the vehicle 2910 and a second part which
1s hinged from the top of the first part. In this case, the hinge
will advantageously extend over an angle of greater than 90
degrees so that the itersection between the vertical support
upper part and the horizontal boom 2902 lies nearer to the
vehicle chassis.

FIG. 30 shows yet another embodiment of structure/
configuration of boom 3000 1n accordance with an aspect of
the present invention. In this embodiment, the boom 3000
comprises three components—vertical support 3001, hori-
zontal boom 3002 and vertical boom 3003. The boom 3000
comprising these three components 1s stowed/loaded onto
the back of the mobile vehicle 3010. Vehicle 3010 1s
provided with a manually operated crane (not shown), such
as a Hiab lift, which 1s used to lift the boom sections into
place to form a static archway 3005 that 1s used 1n drive-
through portal mode. During deployment, 1n one embodi-
ment, an operator lifts the vertical boom 3003 1nto position.
Next, the operator lifts the vertical support 3001 1nto posi-
tion. Finally, the operator lifts the horizontal boom 3002 into
position such that 1t forms a ‘bridge’ between the vertical
support 3001 and vertical boom 3003. At this point, the
operator can stow the crane and the boom 1s ready for use.

In an alternate embodiment of the present invention, a
positioning plate 30135 1s first placed into position thereby
setting an exact pre-determined location for the base of the
vertical boom 3003 relative to the vehicle 3010. This posi-
tioning plate 3015 may be unfolded from the side of the
vehicle or 1t may be placed into position using the vehicle
mounted crane.

In a yet another alternative embodiment of the present
invention, the vertical support 3001 and the vertical boom
3003 are each hinged from their respective ends of the
horizontal boom 3002 to form an assembly. The vehicle
mounted crane 1s used to lift the assembly of three compo-
nents, from stowed condition, into approximate position for
deployment. With the assembly suspended on the crane, the
vertical support 3001 and vertical boom 3003 are lowered
from a substantially horizontal position (that they were 1n
when stowed) to a substantially vertical position using one
or more electric or manually operated winches. The
“mverted U” shaped boom 3000 1s then lowered into 1ts
operating position and the crane removed to its storage
position. The boom 3000 1s then ready for use. To stow the
boom, the crane 1s used to lift the assembly up, the vertical
support 3001 and vertical boom 3003 are winched back to a
substantially horizontal aspect and the thus assembly 1s
stored back on the vehicle 3010.

FIG. 31a shows still another embodiment of structure/
configuration of boom 3100 in accordance with another
aspect of the present invention. In this embodiment, the
boom 3100 comprises four components—Ilower vertical
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support 3101a, upper vertical support 31015, horizontal
boom 3102 and vertical boom 3103. The lower vertical
support 3101q 1s nigidly attached to a rotating platform 3105
while an actuator rotates the platform 3105 through 90
degrees 1n a plane perpendicular to the plane of the lower
vertical support 3101a. The upper vertical support 31015 1s
attached to the lower vertical support 3101q using a hinge
(not shown) which can rotate the two vertical support
sections by 90 degrees with respect to each other. The upper
vertical support 31015 1s rigidly attached at 90 degrees to the
horizontal boom 3102. The vertical boom 3103 1s hinged at
the end 3122 of the horizontal boom 3102 which 1s farthest
from the upper vertical support 31015. In stowed condition,
the upper vertical support 31015 1s folded substantially
parallel to the lower vertical support 3101a.

To deploy the boom 3100, the two vertical support
sections 3101a, 31015 are unfolded into an end-to-end
configuration (that 1s, to make a single contiguous vertical
support) as shown 1n FIG. 315. The rotating platform 3105
then rotates the boom 3100 through 90 degrees such that the
horizontal boom 3102 extends perpendicular to the long
edge of the vehicle 3110, as illustrated 1mn FIG. 31c¢. The
vertical boom 3103 1s then unfolded into the vertical direc-
tion to complete deployment of the boom, as has been
depicted 1n FIG. 31a. Persons of ordinary skill in the art
would appreciate that the boom stow sequence 1s exactly
opposite to the above described deployment process.

In an alternate embodiment of the present invention, the
upper and lower vertical support sections 31015, 3101a
respectively, are replaced by a single vertical support so that
the boom 1s deployed by simply first rotating the boom and
then unfolding the vertical boom 3103.

In another alternate embodiment of the present invention,
upper vertical support 31015 1s telescopically retractable/
extendable to/from the lower vertical support 3101a as
shown 1n FIG. 314 and 1s not hinged to the lower vertical
support. In other words, for deployment the upper vertical
support 31015 1s simply extended vertically upwards; the
plattorm 3105 rotated by 90 degrees and the vertical boom
3103 unfolded into vertical direction.

FIG. 32a shows yet another embodiment of structure/
configuration of boom 3200, 1n stowed condition, 1n accor-
dance with another aspect of the present invention. In this
embodiment, the boom 3200 comprises four components—
lower vertical support 32014, upper vertical support 32015,
horizontal boom 3202 and vertical boom 3203 (visible in
FIG. 32¢). When stowed for transport, the lower and upper
vertical support sections 3201aq, 32015 respectively, are
tolded back on each other with rotating joints at each of their
meeting ends 3204. The horizontal and vertical boom sec-
tions 3202, 3203 respectively, are each folded up to each
other while the horizontal boom 3202 1s attached to the
upper vertical support 32015 using a pin bearing 3206.

During deployment, an actuator 1s used to extend the two
vertical support sections 3201a, 320156 from the horizontal
(stowed position) to vertical position, as shown 1n FIG. 325.
This causes the folded horizontal and vertical boom sections
3202, 3203 to move from the horizontal to the vertical
orientation, as 1llustrated 1in FIG. 32¢. An actuator then folds
out the horizontal boom 3202 to horizontal aspect, taking the
vertical boom 3203 with it. Finally, the vertical boom 3203
1s lowered about its hinge point at the end 3222 of the
horizontal boom 3202. Boom stow adopts the same
sequence but 1n reverse order.

Referring back to FIG. 324, 1 an alternate embodiment,
the lower vertical support 3201a 1s mounted on to a rotating,
platform (not shown) which can be used to set angle of the
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resultant scanning tunnel (when the boom 3200 1s fully
deployed) such that 1t 1s 1n the range, typically, of 75 to 90
degrees with respect to the long edge 3225 of the vehicle
3210. Advantageously, X-ray source 1s fixed to the underside
of the rotating platform so that 1t tracks the required beam
angle.

Persons of ordinary skill in the art should note that the
plurality of actuators, used for deployment or stow sequence
of the boom structures of FIGS. 28 through 32 of the present
invention, may be electric motor (with rotary gearbox or
linear screw rod actuators), hydraulic cylinder and lever,
clectric winch and cable (with removable or fixed end
points), manual winch and cable (with removable fixed end
points) or any other actuators known to those skilled in the
art. Where a rotating platform 1s used, boom deployment
angles are adjustable 1n the range 75 degrees to 90 degrees
with respect to the scanning direction. Also, scanning aper-
ture of the boom structures/configurations of FIGS. 28
through 32 1s typically 2000 mm (H)x2000 mm (W) mini-
mum up to 5300 mm (H)x4000 mm (W) maximum. How-
ever, booms may alternatively be configured with a tunnel
aperture outside these dimensions, such as 1000 mm (H),
3000 mm (H), 6000 mm (H), 7000 mm (H), 1000 mm (W),
3000 mm (W), 4500 mm (W), 5000 mm (W), 5500 mm (W),
6000 mm (W), 6500 mm (W), and any dimensions in
between.

Again, X-ray sources may be selected from any of the
following categories:

X-ray tube and generator with 100 kVp to 500 kVp tube
voltage and 0.1 mA to 20 mA tube current, including
X-ray sources with 160 kV and a penetration of 30 mm
of steel.

0.8 MV to 2.5 MV linear accelerator source, including
those sources with a low output dose rate, typically less
than 0.1 Gy/min at 1 m.

2.5 MV to 6 MV linear accelerator source with high
output dose rate, typically in the range 0.1 Gy/min at 1
m to 10 Gy/min at 1 m.

X-ray sources with penetration 1n excess of 120 mm of
steel, including 180 mm of penetration and any incre-
ment therein.

X-ray sources of 450 keV with a penetration of approxi-
mately 80 mm of steel.

In one embodiment, booms of the present invention are
fitted with lead or steel beam stops to reduce primary beam
intensity at the extent of the surrounding radiation exclusion
zone. The beam stop 1s advantageously formed from lead
with a thickness of 10 mm to 200 mm depending on the
energy ol the X-ray source (the higher the energy, the thicker
the primary beam stop). The booms are fitted with X-ray
detectors to measure the transmitted X-rays from the source
through the object under mspection. Typically these detec-
tors are formed from high density scintillation materials
such as CAWO4, ZnWO4 or Csl with a thickness in the
range 0.3 mm to 50 mm depending on the energy of the
X-ray source and the type of transmission measurement
being made.

Additionally or optionally, the booms of the present
invention are fitted with position sensors to provide feed-
back to an automated boom deployment system. These
sensors advantageously record when actuator motion 1s
complete at both ends of travel. In one embodiment, redun-
dant sensors are deployed for such measurements to mitigate
against sensor failure.

In one embodiment for example, 1t 1s possible to complete
boom deployment in less than 2 minutes. Still faster times
may be achieved when suitable strengthening components
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are fitted to the various booms to mitigate actuator load.
Further, boom stowage can also be completed 1n a similar
duration of time.

The horizontal and vertical booms 1n the scanming system
of the present mnvention are designed to contain as little
material as possible. This allows for minimizing the weight,
and hence reduces the tipping moment on the truck chassis.
Several materials can be selected for manufacturing the
booms, imncluding steel, aluminum and composite materials.
One of ordinary skill 1in the art would appreciate that other
suitable light weight materials may also be used for this
purpose. In one embodiment, the boom design utilizes novel
lattice structures to ensure low mass in the boom. FIGS. 5a
through 54 1llustrate some of the exemplary low mass lattice
structures which act to reduce the weight of the booms. The
booms are further designed to include a light-tight, but
compact housing for the X-ray detector assemblies.

Referring to FI1G. 5a, a section of the boom 501a 1s shown
in cross-section. This boom structure utilizes square profile
box section components 502a, or nodes, where three such
box section components 502a are physically connected by a
beam section 504a. The sensor box 5034 1s mounted to the
side of the boom structure using metal support brackets (not
shown) which attach to the triangular boom section 501a.

FIG. 5b shows an alternate design in cross-section,
wherein the boom has a square cross section 5015 with the
sensor components 5035 mounted to the side and 1s made
from four square profile box section components 5025
where the components 5025 are physically connected by a
beam section 5045. One of ordinary skill in the art would
appreciate that it would also be possible to mount the sensor
box 5035 within the square section 5015. This, however,
would result in a weakening of the structure since the sensor
box would need to form a “U” shape to allow ummpeded
access of X-rays to the detectors.

FIG. 53¢ shows a further design 1n which the detector box
503c¢ 1s protected within a boom section comprised of two
triangular support frames 501¢ of the boom. FEach of the
triangular support frames 501¢c comprises three profile box
section components 502¢ where the components 502¢ are
physically connected by a beam section 504¢. The two
triangular sections are then further physically connected by
beam section 503c¢.

FIG. 54 shows another design of the boom in which
“bulkheads™ 5044 are mounted along the length of the boom
which itself 1s formed from box section components 502d.
The sensor box 5034 in this case 1s encased within the boom
section.

One of ordinary skill 1n the art would appreciate that many
other structures may also be used for the boom design to
tulfill the objective of low mass, including, for example,
round section tubing and cast composite structures. The use
of open frame lattice structures and detector enclosures such
as 1llustrated above not only makes the boom lightweight,
but also makes it less wind resistant due to flow through,
while still maintaining 1ts rigidity.

The detector box used with the boom 1s required to be
light, tight and impervious to moisture. By way of good
design, 1n one embodiment, the detector box 1s combined
with the boom structure to provide additional strength while
also providing good access to the detector electronics. FIG.
6 shows an exemplary design for a combined boom and
detector box. Referring to FIG. 6, the boom cross section
601 1s extended to include a box section 602 for the X-ray
detectors by connecting a beam section 608 from one of 1ts
three profile box section components 609 where the com-
ponents 609 are physically connected by beam sections 610.
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Beam section 608 physically connects to a box component
610, which then connects to a second box component 611.
The detector electronics 603 are provided with removable
access covers 604 on one side and a removable front cover
605 which 1s substantially transparent to the incoming
X-rays 606. Further, a thin light-tight sheet covering 607 1s
provided to protect the rear side of the assembly and the side
opposite to the access cover.

The lattice structures for boom and detector box 1llus-
trated 1n FIGS. 5 and 6 can be fabricated using any suitable
technique known to persons of ordinary skill in the art. As
an example, 1t would be advantageous to fabricate the
structure shown i FIG. 6 using a welded fabrication of 50
mmxS0 mm steel box section components with 2.5 mm wall
thickness to which 1 mm thick steel sheet 1s welded to form
the detector enclosure, the detector cover and the access
covers. Preferably, the detector box 1s lined with a thermal
insulation material to minimize thermal shock to the detec-
tors due to change 1n ambient temperature and also to help
in reducing condensation that may occur 1n particularly cold
climates.

In one embodiment of the system of present invention,
only one common engineering material 1s used for boom
fabrication. This not only proves cost-eflective, but also
ensures that uneven deformation 1n the boom does not occur
under change 1n ambient temperature as may be the case
when multiple materials are used 1n a boom design.

As mentioned earlier, one objective of the present inven-
tion 1s to ensure a compact method of stowing the boom
when not deployed. In order to fold the horizontal boom out
from the vertical support for deployment, a number of
mechanisms may be used. FIG. 7 presents an exemplary
design for folding and unfolding boom sections, as used 1n
one embodiment of the present invention. Referring to FIG.
7, a single hydraulic arm 701 1s used to force the separation
of the horizontal boom 702 from the vertical support 703.
The separation 1s facilitated by means of an intermediate
rigid coupling 704 which rotates about a point 705 on the
vertical support.

In one embodiment, the unfolding action illustrated in
FIG. 7 1s complimented by a locking pin arrangement so that
alter deployment, hydraulic power can be lost without the
boom folding back up. An exemplary locking mechanism 1s
shown 1n FIGS. 8a and 85. Referring to FIGS. 8a and 85, the
horizontal boom 801a 1s extended so that it folds back above
the vertical support 802a. A dome shaped fixture 8034, 8035
attached rigidly to the top of the vertical support 802a
engages with locking plates 804a, 8045 1n the horizontal
boom. The locking plates 804a, 804H are spring loaded such
that they are pushed back when the boom 1s being folded by
the dome shaped structure 803a, 8035 on the vertical support
802a. Once the boom 801a 1s deployed fully, the locking
plates 804a, 8045 snap back to their resting position under
the dome and the boom 1s locked 1n position. When the
boom 801a 1s to be stowed, the locking plates 804a, 8045
can be withdrawn using any suitable means, such as an
clectrical solenoid, electric motor, hydraulic actuator or any
other device known to persons of ordinary skill 1n the art. A
person of ordinary skill 1in the art would also appreciate that
many other locking mechanisms may also be devised that
provide a good balance between etliciency, cost and safety.

FIG. 9 shows another boom deployment structure. In this
case, a first end of a support bar 901 mounts to a bearing post
902, which connects vertical support 903 to horizontal boom
904 1n an angular configuration. Preferably the support bar
901 connects to the bearing post 902 at the bearing post
pivot point 902a. A second end of the support bar 901 has




US 10,007,019 B2

17

integrated therein a pulley 903, distal to the bearing 902. A
cable 906 connects to the horizontal boom 904 and passes
over the pulley 905 and returns back to a winch 907 which
1s mounted securely onto the vertical support 903. The
winch 907 1s operated during boom deployment and 1t acts
to pull the horizontal boom 904 away from the vertical
support 903. This mechanism eliminates the need for a
hydraulic actuator, although a hydraulic support 910 may be
employed for safety or backup. FIG. 9 also shows a hori-
zontal boom lock 908, which may be used to sense when the
boom deployment action has completed, so that the winch
907 can be stopped. Preferably a sensor i1s deployed in
conjunction with the horizontal boom lock 908 to sense a
locking action and transmit the sensed locking action to a
controller, which then communicates a stop signal to the
winch based upon the locked state.

A further enhancement of this invention 1s shown in FIG.
10. Referring to FIG. 10, the support bar 1001 1s designed
such that 1t can be rotated out of the way once the horizontal
boom 1002 has been stowed with the vertical support 1003
using the mechanism of the winch 1004 and cable 1005. As
the support bar 1001 1s moved away, 1t serves to minimize
the space taken by the stowed boom.

Besides an eflicient and compact folding arrangement
between the vertical support and the horizontal section of the
boom, the design of the present invention also incorporates
a space saving folding arrangement between the horizontal
boom section and vertical boom section, which 1s illustrated
in FIGS. 11a and 115. Referring to FIG. 11a, which shows
the boom 1n a deployed state, at the junction of the horizontal
section 1101a and vertical section 1102a, a single folding
hinge arrangement 1103a 1s used. A locking pin 1104a 1s
also provided which engages when the booms 1101a¢ and
1102a are deployed fully, and acts to minimize mechanical
wobble between the two booms. A single hydraulic ram
1105a 1s used to force the separation of the horizontal
section 1101a from the vertical section 1102a when uniold-
ing 1s required.

The booms 1n folded or stowed state are 1llustrated 1n FIG.
116, wherein the hydraulic ram 110556 works 1n conjunction
with the hinge arrangement 11035 to fold the vertical boom
11025 parallel to the horizontal boom 11015.

One of ordinary skill 1n the art would appreciate that the
aforementioned folding arrangement between the horizontal
boom and vertical boom 1s provided as an example only, and
several other designs can be implemented successiully.

Persons of ordinary skill in the art should also note that
the boom structures of the present invention allow requisite
accuracy ol alignment so that X-ray energy levels of less
than 2 MeV can be used while also being adequate enough
to penetrate 150 mm of steel, in accordance with one
embodiment. Further, as a result of the use of lower X-ray
energy levels, the embodiments of the present invention use
smaller Linacs when compared to prior art systems, thereby
saving on overall weight. As a further result of the cumu-
lative weight savings, the present invention allows for an
X-ray mobile mspection system with penetration greater
than 120 mm of steel, while weighing less than 15,000 kg.

In a further aspect of this invention, the system 1s advan-
tageously configured to avoid rotation of the X-ray source.
This boom configuration which limits the rotation of the
X-ray source 1s illustrated in FIGS. 12a and 125. Referring
to FIG. 12qa, an alternate X-ray source mounting 1s shown,
with the boom structure 1n a stowed position. Here, the
X-ray source 1201a 1s suspended from a bracket 1202aq
which 1s able to rotate about a point 1203¢ fixed to the boom
structure 1204a. FI1G. 125 illustrates the configuration with
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the boom structure 1n a partially deployed position. Refer-
ring to FI1G. 1256, as the vertical support structure 12045 1s
raised for boom deployment, the X-ray support bracket
120256 lowers the X-ray source 12015 towards its final
operating point based upon a signal from a controller. This
arrangement avoids the rotation of the X-ray source itself for
boom deployment.

In one embodiment, the swinging movement of the X-ray
source during boom deployment 1s also mimimized by con-
necting a hydraulic damping system between the X-ray
source bracket and the X-ray source itself. This arrangement
1s shown 1n FIGS. 13a and 13b. Referring to FIG. 13a,
which shows the system i1n an undeployed position, a
hydraulic cylinder 1301a links the X-ray support bracket
1302a and the X-ray source 1303a. Hydraulic cylinder
1301a comprises flmd flow valves that are opened during
boom deploy and stow, such that the cylinder can change
length under the effect of gravitational pull on the X-ray
source. Referring to FIG. 135, once the boom 1s deployed,
the fluid valves of hydraulic cylinder 130156 are closed,
thereby locking the X-ray source 130356 1n position along
with the X-ray support bracket 13025. One of ordinary skall
in the art would appreciate that final adjustment of source
position can be made by extending or retracting the hydrau-
lic cylinder as necessary, depending on the gradient of the
ground on which the main X-ray system 1s operating.

An alternative configuration for mounting the X-ray
source 1s 1llustrated in FIGS. 14a and 14b6. Referring to FIG.
14a, the X-ray source 1401a 1s mounted on a platform
14024, which 1s fixed rigidly to the motionless part of the
rotation joint 1403q at the base of the vertical support 1404aq.
The platform 14024 1s capable of being raised and lowered
for stowing and deployment respectively. Accordingly, the
platform 1s physically slidable relative to the truck. Refer-
ring to FIG. 145, when the vertical support structure 140456
1s raised for boom deployment, the platform 14026 1is
concurrently lowered, thereby placing the X-ray source
14015 1n 1ts final operating position. The platform 14025 can
be moved up, down, right, or left to position the source
correctly for scannming. It should be appreciated that this
motion can be ellectuated through a motor, engine, or
hydraulic system, as 1s well known to persons of ordinary
skill 1n the art.

In one embodiment, the platform on which the X-ray
source 15 mounted 1s actuated using one or more hydraulic
rams. Further, the hydraulic ram 1s operated 1n conjunction
with a geared chain drive so that the change 1n length of the
hydraulic ram can indirectly effect a change 1n position of
the X-ray source relative to the boom rotation point. A
mechanical arrangement 1s also provided to lock the relative
positions of the boom and the X-ray source. One such
exemplary locking mechanism i1s shown in FIGS. 154 and
156. Referring to FIG. 154, which shows the system 1n
stowed position, the vertical support section 1501a 1s pro-
vided with a first locking element 1502a, designed to mate
with a corresponding, or mating, locking element or fixture
1503a 1n the platform assembly 1504q. Thus, when the
boom 1s deployed as shown in FIG. 155, the first locking
clement 15026 and the corresponding, or mating, locking
clement 15035 are connected 1n a such a manner that the
relative positions of the boom 150156 and X-ray source
15045 are fixed exactly. The locking element 1502q, 15025
rotates about a pivot point 1505a, 15055 to thereby move
approximately 90 degrees and be received by the corre-
sponding, or mating, element 1503aq, 15035 and thereby
transition from an unlocked state to a locked state. One of
ordinary skill 1n the art would recognise that many alterna-
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tive locking mechanisms are possible 1n addition or 1n place
of the exemplary locking mechanism described above.

The X-ray system used with the mobile inspection system
ol the present invention 1s designed to allow use with a wide
range of X-ray sources. The source of radiation may include
conventional sources such as a radio-1sotopic source or an
X-ray tube, as well as Linear Accelerators (LINAC) or any
other source known 1n the art capable of producing beam
flux and energy sufliciently high to direct a beam to traverse
the space through an object under inspection to detectors at
the other side, such as a betatron. The choice of source type
and 1ts intensity and energy depends upon the sensitivity of
the detectors, the radiographic density of the cargo in the
space between the source and detectors, radiation safety
considerations, and operational requirements, such as the
inspection speed.

For example, the system of the present mvention could
employ source-based systems, cobalt-60 or cesium-137 and
turther employ the required photomultiplier tubes (PMT) as
detectors. If a linear accelerator (LINAC) 1s optionally
employed, then photodiodes and crystals are used 1n the
detector. One of ordinary skill 1in the art would appreciate
how to select a radiation source type, depending upon his or
her imnspection requirements. In one embodiment, the system
1s operated with a standard X-ray tube, which typically has
energy 1n the range of 120 kVp to 450 kVp, for applications
such as screening cars and small vehicles with or without
passengers within the vehicle. In another embodiment, a low
energy linear accelerator source, having a typical energy 1n
the range of 0.8 MV to 2 MYV, 1s used for the purposes of
screening full size cargo in manifest verification. In yet
another embodiment, a higher energy X-ray source, typi-
cally with an energy range of 2.5 MV to 6 MV, 1s used for
scanning ol full-sized containers. In this case, the 1image
penetration capability of the X-ray source 1s suitable for
detection of a range of 1llicit materials and devices including
narcotics, explosives, currency, alcohol, weapons and
improvised explosive devices. Those skilled in the art would
turther appreciate that the inspection system of the present
invention may also be configured with a gamma-ray source
such as Co-60 or Cs-137, to replace the X-ray source.

Regardless of whether the radiation source 1s an X-ray
generator or a LINAC, 1t 1s mounted on the same single
boom as the detector arrays, so that the need for sophisti-
cated alignment systems each time the system 1s deployed 1s
eliminated. Thus, the radiation source and detectors are
substantially permanently aligned on the same single boom.
The feature also allows for scanning at various degrees of
oflset, again without the need to realign the LINAC or X-ray
generator and detectors.

The X-ray system of the present invention is further
designed to operate with a very compact radiation footprint.
As known 1n the art, X-ray scanning operates on the prin-
ciple that, as X-rays pass through objects, the radiation gets
attenuated, absorbed, and/or deflected owing to a number of
different physical phenomena that are indicative of the
nature of the material being scanned. In particular, scattering
occurs when the original X-ray hits an object and 1s then
deflected from 1ts original path through an angle. These
scatter radiations are non-directional and proportional to the
total energy delivered in beam path. A narrowly collimated
beam will keep the overall radiation dose minimal and
therefore also reduce the amount of scatter radiation 1n the
area surrounding the scanner, thereby reducing the “exclu-
sion zone”. The exclusion zone 1s an area around the scanner
in which general public are not authorized to enter due to the
possibility of their getting exposed to doses of radiations
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scattered during the scanning process. The exclusion area 1s
dependent upon the magnitude of current setting the inten-
sity ol the radiation source. The availability of a large
enough area for the “exclusion zone” around the scanner
system 1s one of the factors that influence the decision of
positioning the mobile 1mspection system.

Thus, 1n order to achieve a compact radiation footprint,

and hence a smaller exclusion zone, 1t 1s necessary to
collimate the radiation beam down to a narrow fan beam of
X-rays. This 1s illustrated 1 FIGS. 16a and 165. In the
embodiment shown 1n FIG. 164, the X-ray beam 1601a 1s
wide compared to the X-ray detector 1602a, so that the
detector 1602a 1s always illuminated regardless of move-
ment of the boom. Alternatively, as shown m FIG. 165, the
detector 16025 1s wider than the illuminating beam 16015,
thereby ensuring continuous illumination at the detector
regardless of movement of the boom. In either case, 1t 1s
advantageous to ensure that the boom design mimmizes
motion between the source and sensors. The folding boom
structure of the present invention can achieve this objective
by mounting the X-ray source and X-ray sensors to the same
folding array structure so that relative motion between the
three boom assemblies (horizontal boom, vertical boom and
vertical support) 1s minimized. In this way the X-ray source
(or accelerator) and the X-ray detector are better aligned 1n
the scanning system of the present invention, than 1in boom
designs used with other scanning systems.

Furthermore, the X-ray system of the present invention 1s
designed to operate 1n rugged conditions such as those
employed in military applications. As described earlier, the
compact nature of the boom design, in particular 1ts fold-tlat
capability, makes the mobile inspection system of the pres-
ent invention uniquely suited to military applications where
it may be frequently required to transport the X-ray system
in 1ts stowed condition in aircraft or helicopters. Such
frequent transportation 1s not feasible with other known
boom configurations, where the height of the boom 1n its
stowed condition 1s greater than that allowed for military
transport. Further, the compact configuration lends a low
center of gravity for better stability of the inspection system
during road transport, as there 1s often a need for driving the
inspection system in hilly areas, border crossings, and steep
mountainous areas.

The X-ray system used with mobile inspection system of
the present mvention 1s further intended to be deployed in a
variety of configurations. Some of these exemplary configu-
rations are illustrated 1n FIGS. 17a through 17¢. Referring to
FIG. 17a, the X-ray boom structure 1701a 1s demounted
from a vehicle or truck (not shown) and used as a standalone
traller (shown as 1702a) mounted device. The ftrailer
mounted system of FIG. 17a, which has wheels, can be used
as a scannming system by attaching the trailer to a winch
system which can drag the trailer backwards and forwards
along a track. Alternatively, the trailer can be fitted with a
speed sensing system so that the trailer can be used to scan
drive through traflic.

In an alternate configuration, illustrated 1n FIG. 175, the
scanning system 17015 1s used as a standalone device that
can be dropped off the back of a truck bed 17025. The
standalone system of FIG. 175 will normally be used 1n a
drive through mode although it may also be used with a
winch to scan unoccupied vehicles (vehicle moves through
static gantry).

In a third configuration, as shown in FIG. 17¢, the
scanning system 1701¢ can be fully integrated with a truck
1702¢ for mobile applications. This integrated system 1s
typically used as a drive past scanner in which the X-ray
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system 1s driven past a stationary object at controlled speed.
However, 1n this case, it 1s also possible to operate the
system 1n a drnive through mode. Here the boom base 1s
attached directly to the truck bed or to a trailer which 1s then
integrated with the truck bed. A suitable sensor configuration
for control of the X-ray system when operating in drive
through mode 1s shown 1n FIG. 14. The sensor system 1s
used to execute two ITunctionalities—traflic control and
X-ray control.

In one embodiment, the mobile inspection vehicle 2400 of
the present invention comprises an inspection pod 2403,
placed on vehicle bed 2415 along with stowed boom 2410,
as shown 1n the side elevation view of the vehicle 2400 of
FIG. 24. The mspection pod 24035 accommodates at least one
inspector who can view scanned X-ray images on a monitor
while being seated facing either the front or back of the
vehicle. In one embodiment, the mspection pod 2405 1s
sized to allow two 1mage inspectors to be seated back to
back.

Referring now to FIGS. 25a, b, the mspection pod 2505,
in one embodiment, 1s configured to be 1n retractable state
and accommodated completely on-board the vehicle 2500
ready for travel as shown 1n the top view of FIG. 254 and in
extendable state when deployed for scanning as shown in the
top view of FIG. 25b. Persons of ordinary skill in the art
should note that the inspection pod 2505 i1s sized to be
comiortably accommodated on-board the vehicle 2500 such
that when 1n retractable state it 1s placed next to the stowed
boom 2510. During operation, in one embodiment, when the
boom 2510 1s being deployed the inspection pod 2505 1s also
simultaneously extended thereby keeping the overall time
for system deployment low.

In one embodiment, keeping 1n mind the overall com-
pactness of the vehicle 2400 and the stowed boom 2410, the
ispection pod 2405 is sized at a footprint of about 2 m
(L)x1 m (W)x2.5 m (H) when retracted (during travel) and
of about 2 m (L)x2 m (W)x2.5 m (H) when 1n extended state
during deployment/inspection. The sliding pod 2405 of the
present invention enables a smaller footprint during travel
while allowing for up to two spectors to be seated, within,
in extended state during inspection or deployment.

In an alternate embodiment of FIGS. 26a and 265, the
inspection pod 2605 1s located on the mobile 1mspection
vehicle 2600 such that the inspector 1s seated just above the
wheel level 2615 with access to the pod 26035 through a
hinged door (not shown). This configuration results 1 a
lower overall inspection pod height. However, in this
embodiment, the mspector 1s always seated within the pod.
In the embodiment of FIGS. 254 and 2355, the placement of
the pod on the vehicle along with 1ts height allows the
ispector(s) to also stand up 1n the pod when needed.

FIG. 27 shows a yet another embodiment of the mobile
ispection vehicle 2700 of the present invention where the
vehicle bed 27085, that supports the stowed boom 2710 along,
with the attached X-ray source 2715 can be swiveled or
rotated by a plurality of angles in the horizontal plane of the
bed. In one embodiment, the bed 2705 1s capable of being
swiveled to angles that allow deployment of the boom 2710
at customized angles ranging from, say, 70 to 90 degrees
with respect to the direction of scan. As would be evident to
persons of ordinary skill in the art, the rotation of the bed
2705 1s typically controlled, 1n one embodiment, using
clectric motor or hydraulic actuator with accompanying
sensors to confirm rotation angle.

Referring now to FIG. 18, the sensor system comprises
one or more microwave based radar speed camera 1801
mounted on the horizontal boom 1802 of the scanming
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system 1800. The use of more than one redundant sensor 1s
advantageous in this safety critical aspect of the design. The
radar sensors 1801 are used to sense the speed of a vehicle
passing though the X-ray aperture of the scanning system
1800 for inspection. For maintaining accuracy ol measure-
ment, the measured speed value 1s updated at regular inter-
vals. In one embodiment, the speed value 1s measured and
updated approximately ten times a second so as to reflect the
speed of the vehicle passing though the scanming system as
precisely as possible. Also, for obtaining optimum scan
results with a scanning system, there 1s generally a preferred
speed at which a vehicle being scanned should pass through,
however the system of present invention allows for a range
of vehicle speeds. For example in one embodiment, an
optimum speed for a vehicle to pass through 1s 8 km/h, but
acceptable vehicle speeds can range between 5 km/h and 10
km/h, with optimum results.

The traflic control or the speed control mechanism of the
present invention 1s designed to assist the driver of the
vehicle being inspected to drive through the system at an
acceptable speed. In one embodiment, a green traflic signal
1803 1s presented to the driver when the speed of the vehicle
1s within acceptable range. If the driver slows down to below
the lower acceptable speed limit, an amber colored up arrow
1804 1s 1lluminated in addition to or in place of the green
traflic signal 1803. Alternatively, 1f the driver passes through
at a speed above acceptable upper speed limit, an amber-
colored down arrow 1803 1s 1lluminated in addition to or 1n
place or the green traflic signal 1803.

The X-Ray control mechanism of the present invention
allows for automatic determination of the frequency and
energy ol the X-ray beam used for illumination of the
vehicle or cargo being inspected. For this purpose, the
mechanism takes mto account variables such as the start of
the driver’s cab, the end of the driver’s cab, the starting point
of the cargo to be mspected and the end point of cargo to be
inspected. The X-ray control mechanism comprises two
redundant methods for imaging the target vehicle and deter-
mining the aforementioned variables. The first method
involves use of a scanning laser sensor 1806, which forms
a two dimensional image of the height above the road
surface of the vehicle being inspected. The second method
of 1maging the vehicle involves use of a machine vision
camera 1807, which 1s located on the vertical support 1808.
The machine vision camera 1807 detects vision targets 1809
that are placed on the vertical boom 1810 on the opposite
side. The vision targets 1809 are located such that they
correspond to different parts of a cargo vehicle. Therefore,
the simultaneous analysis of a number of different targets
can be used to 1dentity different parts of the vehicle driving
through the ispection aperture. By combining signals from
the machine vision camera 1807 and the scanning laser
sensor 1806, a robust control mechanism for switching on
the X-ray beam according to the requirements can be
implemented.

FIG. 19 shows an exemplary location of three vision
targets (described with reference to 1809 i FIG. 18); with
respect to a vehicle 1900 being inspected. In this example,
the vehicle 1900 1s a truck. The first target 1901 1s located
in line with the base of the vehicle flatbed 1901:. The second
target 1902 1s located 1n line with the cab of the vehicle
1902:, and the third target 1903 is located 1n line with the
highest part of the cargo 1903:. A vision target can comprise
any material capable of being readily 1dentified by a camera
and differentially seen by a camera relative to the vehicle
surface.
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FIG. 20 shows the output from the scanning laser sensor
(described with reference to 1806 1n FIG. 18) as a function
of time. Four discrete transitions are indicated, representing
various parts of the vehicle being scanned. The first transi-
tion A 2001 occurs when the start of the vehicle cab 1s
detected. The second transition B 2002 occurs when the end
ol the vehicle cab i1s detected. The third transition C 2003
occurs at the start of cargo, and the fourth transition D 2004
occurs at the end of cargo.

FI1G. 20 further depicts (by means of marking with a tick)
which of the three vision targets detailed in FIG. 19 will be
visible at each transition 2001, 2002, 2003, 2004, as detected
by the laser height scanner. Thus, as shown i FIG. 20,
target3 2005, which 1s placed 1n line with highest part of the
cargo, 1s visible during transitions A 2001, B2002 and D
2004, which indicate start of the vehicle cab, end of the
vehicle cab, and end of the cargo respectively. Similarly,
target2 2006, which is located in line with the cab of the
vehicle, 1s visible during transitions B2002 and D 2004,
which indicate the end of the vehicle cab and end of the
cargo, respectively. Targetl 2007, which 1s located 1n line
with the base of the vehicle flatbed, 1s not visible in any of
the transitions.

In one embodiment, a safety rated process logic controller
(PLC) 1s used to control the traflic control and X-ray control
mechanism. This system 1s illustrated 1n FIG. 21. A process
logic controller (PLC) 2101 takes inputs regarding the
vehicle speed from the radar sensors 2102, compares the
values provided by the various radar sensors, and outputs
trailic control signals 2103 depending on the drive-through
vehicle speed. In one embodiment, the current vehicle speed
1s displayed on an electronic sign whose value 1s updated
frequently, such as once per second.

The radar sensor data 1s also processed to provide a speed
output to the X-ray system, comprising the X-ray source
2104 and the X-ray sensors 2105. The PLC 2101 changes the
frequency at which each line of X-ray data is collected, 1n
proportion to the speed of the vehicle passing through the
inspection area. For example, 11 the system normally oper-
ates at 300 Hz at 8 km/h, the frequency 1s increased to 375
Hz at a drive through speed of 10 km/h and reduced to 188
Hz at a drnive through speed of 5 kmv/h. This kind of
frequency modulation in accordance with the vehicle speed
results 1n delivery of a constant dose of radiation per unit
length of the vehicle. This 1n turn ensures good image
quality and consistent scattered radiation dose to the driver
and surrounding system operators.

The PLC 2101 also receives mputs from the scanming
laser sensor 2106 and the machine vision camera 2107, and
controls the generation of X-Ray beam 1n accordance with
the dimensions of the vehicle and cargo being inspected.
One of ordinary skill in the art would appreciate that
additional sensors can be employed in the scanning system
and mterfaced with the PLC 2101 to provide greater levels
of safety and accuracy as required. For example, 1n one
embodiment, a set of tire sensors can be deployed with the
scanning system, which would allow the system to produce
X-rays only when the driver’s cab 1s safely past the primary
X-ray beam.

It 1s imperative that the X-ray sensor system 1s designed
appropriate to the application. In general, it 15 good practice
to design a high spatial resolution sensor system, and to blur
the 1mage at the time of data display 1n order to create a low
dose 1maging system with good contrast resolution and
penetration capability. This blurring can be achieved by
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mixing different proportions of the sharp original image with
a blurred version until a good diagnostic 1mage 1s obtained
for the feature of interest.

At any point in time when the radiation source 1s on, the
detectors are snapshots of the radiation beam attenuation 1n
the object under ispection (OUI) for a particular “slice” of
the OUI. Each slice 1s a beam density measurement, where
the density depends upon beam attenuation through the OUI.
The radiation detectors convert the lateral radiation profile
of the OUI mto electrical signals that are processed in an
image processing system, housed in the inspection trailer,
while the OUI 1s being conducted past the source and the
radiation detector.

The X-ray 1image processing and control system, in an
exemplary embodiment, comprises computer and storage
systems which record the detector snapshots and software to
merge them together to form an X-ray image of the vehicle
which may further be plotted on a screen or on other media.
The X-ray 1mage 1s viewed or automatically analyzed by
OUI acquisition system such as a CRT or monitor that
displays the X-ray image of the vehicle to an operator/
analyst. Alternatively, the OUI acquisition systems may be
a database of X-ray images of desired targets, such as
automobiles, bricks or other shapes that can be compared
with features in the 1mage. As a result of this imaging, only
articles that were not contained 1n the reference 1image of the
container or vehicle are selectively displayed to an operator/
analyst. This makes 1t easier to locate articles that do not
correspond to a reference condition of the container or
vehicle, and then to conduct a physical mspection of those
articles. Also, for high-resolution applications, the electron-
ics used to read out the detector signals may typically feature
auto-zeroed, double-correlated sampling to achieve ultra-
stable zero drift and low-oflset-noise data acquisition. Auto-
matic gain ranging may be used to accommodate the wide
attenuation ranges that can be encountered with large con-
tainers and vehicles.

The present mvention generates a graphical representa-
tion, 1.¢., an 1mage, of the densities of the contents of the
vehicle under inspection. This allows for easy visual inter-
pretation of the results of the scanning of the OUI. Advan-
tageously, the preferred software system also causes the
display of a reference 1mage simultancously with the image
generated 1n response to the vehicle under inspection, so that
an operator of the present embodiment can easily make a
visual comparison between what an object of the type being
ispected should “look like”, and what the OUI actually
“looks like”. Such “side-by-side” mspection further simpli-
fies the detection of contraband using the present embodi-
ment.

The present mvention employs a detector configuration
which provides a good compromise between 1mage spatial
resolution, contrast and penetration performance and cost.
This detector configuration i1s schematically illustrated 1n
FIG. 22, and 1s particularly useful when using a low dose,
low energy X-ray source such as a linear accelerator in the
energy range 0.8 MV to 2 MV. Referring to FIG. 22, a two
row sensor arrangement 1s shown, in which both rows of
sensors—2201 and 2202, are irradiated by the X-ray beam.
The pulsed X-ray beam (not shown) from the linear accel-
erator 1s timed such that each X-ray pulse occurs when the
object relative to the X-ray beam moves exactly by one
detector spacing. This means that the two adjacent detector
samples can be summed with the advantage of doubling the
detected signal, while at the same time reducing the X-ray
photon noise by a square root of two. This arrangement
enhances the signal to noise ratio in the scanning system of
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the present invention by around 40% as compared to sys-
tems using a single row of detectors.

It may be noted that when using the aforementioned
detector arrangement, the design of the present invention
also ensures that the boom 1itself 1s very stable, so that the
X-ray beam can be collimated tightly in order to minimize
the operational radiation footprint of the X-ray scanning
system.

Such a detector configuration has the benefit of allowing
a double drive-through rate where the vehicle moves exactly
two detector widths through the X-ray beam between X-ray
pulses. This can increase the nominal drive through speed
from for example, 8 km/h to 16 km/h, albeit with a reduction
in 1mage penetration performance but with no reduction 1n
spatial resolution.

Such a detector configuration has a further benefit of
allowing dual-energy imaging when provided with an X-ray
linear accelerator that i1s capable of interleaved energy
operation. That 1s, the system can work with small and large
accelerators at low and high energy. For example, two
energies—ol the order of 3 MV and 6 MV may be used 1n
adjacent pulses. In one embodiment, each pulse 1s delivered
after the object to be inspected has passed exactly one
detector width through the X-ray inspection aperture. The
vehicle will therefore have completely passed the detector
after exactly two X-ray pulses, one at low energy and one at
high energy. Although the penetration performance 1s some-
what compromised since only one measurement 1s made at
cach beam energy and not two, however, this information 1s
very useful in providing materials discrimination perfor-
mance.

In one embodiment, where the present invention employs
dual source-based systems, 1t further employs the required
photomultiplier tubes as detectors. In one embodiment, °°Co
1s used as a first gamma ray source and has a high specific
activity of the order of 11.1 TBq (300 Ci) and a linear
dimension of the active area of 6 mm. In one embodiment,
the second gamma ray source 1s a 1.0, 1.6 or 2.0 Curnie
shuttered mono-energetic source of '°’Cs gamma rays,
having 662 keV energy.

In a further embodiment of the present invention, stacked
detectors can be used to provide further spectral deconvo-
lution of the X-ray beam. This 1s illustrated in FIG. 23.
Referring to FIG. 23, one set of low energy detectors 2301
are located in the path of the X-ray beam 2302, and a second
set of detectors 2303 are shadowed from the X-ray source by
the first set of detectors 2301. In this case, the second set of
detectors 2303 can see only the high energy part of the X-ray
beam. This information can be eflectively used to provide
materials discrimination capability in the scanning system of
the present invention. In another embodiment, both stacked
detectors and an interleaved X-ray source may be used to
provide an enhanced level of materials discrimination per-
formance.

In one embodiment, additional collimation 1s advanta-
geously provided adjacent to the detector array. This may be
achieved for example, by placing thin sheets of tungsten or
other suitably attenuating material parallel to the direction of
the X-ray beam but orthogonal to the detector array. Such
collimation acts to reduce the eflect scatter created in the
detector housing assembly as well as scatter generated
within the object under inspection.

One of ordmary skill in the art would appreciate that
spatial resolution that can be achieved in the X-ray image
depends on the detector configuration chosen and on the
tocal spot size of the X-ray source. In one embodiment, the
detectors are configured with an element size 1n the range of
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] mm to 10 mm and the X-ray source has a focal spot
dimension 1n the range of 0.5 mm to 3 mm. This results 1n
a spatial resolution generally between 1 lp/cm and 5 lp/cm.

Further, the penetration performance depends on the
energy ol the X-ray source. For the system of present
invention, the penetration performance 1s typically in the
range of 20-100 mm for X-ray sources below 450 kVp,
between 100 mm and 200 mm for sources in the range of 450
kVp to 2 MV and between 200 mm and 400 mm for sources
in the range of 2 MV to 6 MV.

In a further aspect of this mvention, the X-ray imaging
system 1s integrated with a passive gamma detection system.
In this case, one or more large area detectors are located
adjacent to the X-ray detector arrays in the horizontal and
vertical booms and along the full length of the vertical
support. This arrangement provides a large surface area for
gamma-ray detection. In one embodiment, the large area
gamma ray detectors are advantageously assembled from
organic scintillation maternials such as an organic plastic
scintillator or using m-organic scintillator materials such as
NilI(T1) of CsI(Tl). The gamma-ray detectors are advanta-
geously also configured to allow them to be switched off
while the X-ray source 1s switched on and then re-enabled
once the X-ray beam 1s switched back ofl again. This 1s
particularly important when using a pulsed linear accelerator
source for X-ray imaging where the gamma-ray detectors
can be rendered inactive during the X-ray pulse and re-
activated immediately following the pulse.

In another configuration, the secondary detectors can
provide a simultaneous backscatter imaging capability. In
this case, X-rays from the main imaging beam may back-
scatter 1nto a series of detectors which are mounted upon the
vertical support. In one embodiment, the detectors may be
provided with additional collimation in order to restrict the
direction from which backscattered radiation i1s received.
The backscatter image, being correlated 1n spatial position
with the X-ray transmission image, can provide additional
information about the presence, or otherwise, of low atomic
number materials that are located at, or near to, the surface
ol the object under 1nspection adjacent to the X-ray source.

The novel design and the alorementioned features of the
present invention enable a cost-eflective, sale and com-
pletely self-contained scanning system that can be used for
non-intrusive ispection of containers, trucks and passenger
vehicles. The road mobile configuration and low weight
design of the present scanning system allows for transport
on difficult terrain, such as in border areas, apart from local
roads and highways. Further, since the system takes a very
short time (around 15 minutes) to be fully deployed, and
there 1s less operational space required for deployment, 1t
facilitates operation at multiple locations and is etflicient at
performing high throughput inspections. The system can
scan cargo in mobile and stationary mode and the minimal
operating area makes it well suited for limited space appli-
cations. Some of the other features and benefits of the
mobile inspection system of the present invention are:

The boom design allows for more precise linear accel-
erator to detector alignment. The folded array detector
box configuration shortens the distance between X-ray
source and the detector, which increases penetration
and provides no corner cutoil with less 1image distor-
tion.

The umique scanning boom assembly can be deployed at
cither a ninety or a eighty degree ofiset to the vehicle
ispected. This allows maximum tlexibility 1n the setup
of operational area while providing excellent hidden
compartment and false wall detection capabilities.




US 10,007,019 B2

27

One person may deploy the boom with a single button;
thus the system 1s safe, reliable and simple. Stowing the
boom 1s done in the same manner.

The scanming system includes a plurality of CCTV cam-
eras, which provide a view of the operating zone and
help maintain safety.

Two modes of operation are supported—Mobile and
Portal, which allow for inspection of stationary as well
as moving cargos, respectively.

A tramning mode 1s provided, which offers 1images from a
training library for simulated scans during inspector
training.

The modular design of the scanning boom assembly and
imaging system allows 1t to be easily adapted to truck
chassis from several diflerent manufacturers. This
allows local trucks to be utilized 1n various countries
and simplifies vehicle maintenance.

The above examples are merely illustrative of the many
applications of the system of present invention. Although
only a few embodiments of the present invention have been
described herein, it should be understood that the present
invention might be embodied 1n many other specific forms
without departing from the spirit or scope of the invention.
For example, other configurations of cargo, tires, tankers,
doors, airplane, packages, boxes, suitcases, cargo containers,
automobile semi-trailers, tanker trucks, railroad cars, and
other similar objects under inspection can also be consid-
ered. Therelfore, the present examples and embodiments are
to be considered as 1illustrative and not restrictive, and the
invention 1s not to be limited to the details given herein, but
may be modified within the scope of the appended claims.

We claim:

1. An 1mspection system comprising:

a vehicle having a bed defining a horizontal surface;

a boom attached to said vehicle wherein said boom
comprises a lower vertical support section, an upper
vertical support section, a horizontal boom section and
a second vertical boom section, wherein said lower and
upper vertical support sections are movably attached to
cach other and wherein the lower vertical support
section 1s mounted on to a platform such that an angle
ol a resultant scanning tunnel when the boom 1s fully
deploved 1s 1n an angular range of 75 to 90 degrees with
respect to said horizontal surface of the vehicle;

a radiological source rotatably attached to the lower
vertical support section to produce a radiation beam for
scanning at said angular range; and

an array ol detectors attached to at least one of said
sections of the boom, wherein the array of detectors
remain stationary and aligned with the radiological
source during the scanning operation.

2. The system of claam 1, wherein said platform 1s

configured to be rotatable.

3. The system of claim 1, wherein said lower and upper
vertical support sections are configured to be folded against
cach other when the boom 1s stowed.

4. The system of claim 1, wherein said second vertical
boom section 1s hinged to said horizontal boom section.

5. The system of claim 1, wherein said horizontal and
second vertical boom sections are configured to be folded
against each other when the boom 1s stowed.

6. The system of claim 1, wherein the horizontal boom
section 1s attached to the upper vertical support section using
a pin bearing.

7. The system of claim 1, wherein a boom deployment
angle 1s adjustable 1n the angular range of 75 degrees to 90
degrees with respect to a scanning direction.

e

10

15

20

25

30

35

40

45

50

55

60

65

28

8. The system of claim 1, wherein said radiological source
1s an X-ray source 1s at least one of an X-ray generator with

100 kVp to 500 kVp tube voltage and 0.1 mA to 20 mA tube

current, a 0.8 MV to 2.5 MV linear accelerator source with
a dose output rate of less than 0.1 Gy/min at 1 m, and a 2.5
MYV to 6 MV linear accelerator source with an output dose
rate 1n a range 0.1 Gy/min at 1 m to 10 Gy/min at 1 m.

9. The system of claim 1, wherein said boom comprises
X-ray detectors to measure a plurality of transmitted X-rays
from the radiological source through an object under imnspec-
tion.

10. The system of claim 1, wherein said boom comprises
position sensors to provide feedback to an automated boom
deployment system.

11. An 1mspection system comprising;:

a vehicle having a first axle proximate to a front of said
vehicle and at least one rear axle proximate to a back
of said vehicle;

a boom attached to said vehicle wherein said boom has a
welght and comprises a lower vertical support section,
an upper vertical support section, a horizontal boom
section and a second vertical boom section, wherein
said lower and upper vertical support sections are
pivotably attached to each other and wherein the lower
vertical support section 1s mounted on to a platform
such that an angle of a resultant scanning tunnel when
the boom 1s fully deployed 1s in an angular range of 75
to 90 degrees with respect to said vehicle;

a radiological source rotatably attached to the lower
vertical support section to produce a radiation beam for
scanning at said angle; and

an array ol detectors attached to at least one of said
sections of the boom, wherein the array of detectors
remain stationary and aligned with the radiological
source during said scanning operation.

12. The system of claim 11, wherein said platform 1s

adapted to rotate.

13. The system of claim 11, wherein said lower and upper
vertical support sections are folded against each other when
the boom 1s stowed.

14. The system of claim 11, wherein said second vertical
boom section 1s hinged to said horizontal boom section.

15. The system of claim 11, wherein said horizontal and
second vertical boom sections are folded against each other
when the boom 1s stowed.

16. The system of claim 11, wherein the horizontal boom
section 1s attached to the upper vertical support section using
a pin bearing.

17. The system of claim 11, wherein a plurality of angles
defining a boom deployment are adjustable 1n the angular
range of 75 degrees to 90 degrees with respect to a scanning
direction.

18. The system of claim 11, wherein said system 1s
configured to achieve radiological penetration of at least 30
mm of steel.

19. The system of claim 11 wherein a first area 1s bounded
by the rear axle extending to the front of said vehicle and a
second area 1s bounded by the rear axle extending to the
back of said vehicle and wherein a weight of the boom 1s
positioned to be over said first area and not said second area
and wherein said system weighs 25,000 kg or less.

20. The system of claim 11, wherein said boom has a
lattice structure comprising a plurality of beam sections
connected by a plurality of nodes, wherein said structure
defines an internal lattice area.
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